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[DOCUMENT] SPECIFICATION 

[TITLE OF THE INVENTION] COATING MATERIAL FOR THERMAL 
BARRIER COATING HAVING EXCELLENT CORROSION RESISTANCE AND 
HEAT RESISTANCE AND METHOD OF PRODUCING THE SAME 
[CLAJMS] 

[Claim 1 ] A Goatling ma'terxal for a izhermal barrier coablng 
having excellent corrosion resls1:ance and heat: resistance 
conqprising a siibstrate, an undercoat made of am aluminum- 
containing heat-resistant alloy ^ Cr203 layer as a middle 
layer ^ and a top coat made of Zr02 based ceramic. 

[Claim 2 ] A coating material for a thermal barrier coating 
having excellent corrosion resistance and heat resistance 
con^rlsing a substrate, an undercoat made of an aluminum- 
containing heat-resistant alloy, AI2O3 layer produced on 
the surface of the undercoat by preferentially oxidizing Al 
in the consonants of the undercoat in the presence of Cr203 
layer and Cr203 layer formed thereon as a middle layer on 
the undercoat, and a top coat made of Zr02 based ceramic. 
[Claim 3 ] A coating material for a thermal barrier coating 
according to claim 1 or 2 , wherein the CraOa layer as a 
middle layer is a chemical densified film having a 
thickness of 0.2-10 fim obtained by applying an aqueous 
solution of one or more selected from chromic anhydride, 
ammonium chromate and ammonium bichromate and firing it. 
[Claim 4 ] A coating material for a thermal barrier coating 
according to claim 2 , wherein the A1203 layer has a 
thickness of 1-30 [im. 

[Claim 5 ] A coating material for a thermal barrier coating 
according to claim 1 or 2 , wherein the undercoat is a heat- 
resistant alloy having an Al content of 3—24 mass% and 
represented by the following chemical formula: 

MCrAlX 

wherein M: one or more selected from Co, Ni and Fe, 

X: one or more selected from Y, Hf, Ta, Cs, Ce, La, 
Th, W, Si, Pt, Mn and B. 

[Claim 6] A coating material for a thermal barrier coating 
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according 'bo claim 1 or 2 / wherein bhe under coah Is one 
formed hy a Spraying process or an elecbron beam deposition 
process a'b a -thickness o£ 30-500 |Jm. 

[Claim 7] A coating material for a thermal barrier 
coating according to claim 1 or 2 ^r wherein the top coat Is 
a Zr 02 based ceramic coating containing 5-40 mass% of at 
least one oxide selected from Y 2 O 3 , CaO, CeOs, MgO, SIO 2 / 

Yb 203 and SC 2 O 3 and formed by a spraying process or an 
electron beam deposition process at a thickness of 50--600 
pm. 

[Claim 8 ] A me-bhod of producing a coating material for a 
thermal barrier coating having excellent corrosion 
resistance and heat resistance, which conqprlses forming an 
'undercoat made of a heat-resistant alloy having an Al 
content of 3-24 mass% on a surface of a substrate through 
spraying process or an electron beam deposition process, 
forming a middle layer of Cr 203 layer having a thickness of 
0 . 2-10 |im by repeating a procedure of applying an agueous 
mixed solution of one or more of chromic anhydride, 
ammonium chromate and ammonl'um bichromate and firing under 
heating at 500-900 K for 1-5 hours one time or plural times, 
and forming a top coat of Zr 02 based ceramic on the middle 
layer through a spraying process or an electron beam 
deposition process. 

[Claim 9] A method of producing a coating material for 
'thermal barrier coating having excellent corrosion 
resls-bance and heat resistance, which comprises forming an 
undercoat made of a heat-resistant alloy having an Al 
content of 3-24 mass% on a surface of a substrate through 
spraying process or an electron beam deposition process, 
forming a middle layer of Cr 203 layer having a thickness of 
0 . 2-10 pm by repeating a procedure of applying an aqueous 
mixed solution of one or more of chromic anhydride, 
ammonium chromate and ammonium bichromate and firing under 
heating at 500-900 K for 1-5 hours one time or plural times, 
heating In an atmosphere or under vacuum or In an Inert gas 
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aisaosphere a.'b 1200-1500 K for 1-20 hours ho form an AI 2 O 3 
layer produced hhrougli preferenhlal oxxdahion reachion of 
Al conhalned ±n hhe under coat: on the surface of the 
undercoat just beneath Cr 203 layer as a part of the inlddle 
layer, and forming a top coat of Zr 02 based ceramic on the 
middle layer. 

[DETAILED EXPLANATION OF THE INVENTION] 

[ 0001 ] 

[TECHNICAL FIELD WHERE THE INVENTION BELONGS TO] 

This invention relates to a coating material for a 
thermal barrier coating suitable as a starting zoaterial for 
parts of a high temperature exposing apparatus such as a 
gas turbine, a jet engine or the like as well as a method 
of producing the same . 

[ 0002 ] 

[PRIOR ART] 

As is well-known, energetic search and development 
are progressing for the purpose of inproving heat 
efficiency in driving machines such as diesel engine, 
boiler, gas turbine engine, jet engine and the like. 
However, the improvement of the heat efficiency results in 
the strong increase . of severe heat loading to the 
constitutional member. As a metal material used in the 
high tenperature portion of the driving machine, therefore, 
it is required to have a high mechanical strength under a 
service environment and excellent resistance to high- 
temperature oxidation and resistance to high- temperature 
corrosion . 

[ 0003 ] 

In order to satisfy such requirements, there are 
developed many heat-resistant alloys or so-called 
superalloys consisting essentially of non-ferrous metal 
elements such as Cr, Ni, Co, W, Ta, Al, Ti or the like. 
[ 0004 ] 

In these superalloys, however, the high- 
tenperature strength is most preferential, so that it tends 
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t.o necessa3T±ly suppress add±'b±on of 'the me-ha.! element 

no't acting to the Improvement of 'the stirength to a low 
ratio. As a typical exaiDple of 'the me'tal element not 
acting to the lioprovexnent of the strength are mentioned Cr^ 
Al, Si and the like. On the o'ther hands ^ these elements 
are excellent In the oxidation resistance and the 
resistance to high -'temperature corrosion;, so that it is 
common that the oxidation resistance and the resistance to 
hlgh-tea^erature corrosion are poor in the superalloy 
prevailing the high- temperature strength as mentioned ahove. 
lOOOOS] 

In view of the above situation, 'the lowering of 
the resistance force to the chemical damage of the 
superalloy used in the high-temperature environment is 
compensated by previously coating the surface of the 
superalloy with a metal of Cr, Al, Si or the like or an 
alloy thereof through a spraying method or a diffusion 
penetration method. 

[0006] 

Recently, a spraying method of easily forming a 
coating of an oxide or an alloy having an oxidation 
resistance and a heat resistance is popularized, and the 
superiority of the spraying method is further enhanced by 
the development of spraying material shown as MCrAlX alloy 
(wherein M is at least one metal selected from Ni, Co and 
Fe, and X is at least one metal selected from Y, Hf Ta, Cs, 
Pt, Ce, Zr, La, Si and Th) developing an excellent 
oxidation resistance. As a tecbni<iue relating to the 
MCrAlX alloy material, there are techniques disclosed in 
JP-A-59-118847 and JP-A-60-141842 . 

[0007] 

As a field using the spray coating of the MCrlLLX 
alloy, 'there is a thermal barrier coating used by working 
into a high- temperature exposing material (NASA Technical 
Memorandoun: NASA-TM-X3425 : hereinafter abbreviated as "TBC'' 
sinply) . This coating is construc'ted by forming a coating 
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of MCrAXX alloy as an luidercoaf and laminating a coating of 
ZrO^ based ceramic having an excellent heat resistance and 
a small thermal conductivity as a top coat thereon. 

[0008] 

The TBC comprising a combination of MCrAlX alloy 
coating and the ZrO^ based ceramic coating Is utilized as 
not only a high -temperature e^^oslng material for a gas 
turbine but also a heat-resistant coating for a centrifugal 
casting mold (see JP-A-64-870503) or for a transferring 
roll of molten plate glass (see JP-A-4-460622) . 

[0009] 

Even In the TBC combining the MCrAlX alloy and the 
Zr 02 based ceramic^ however, there Is a problem that only 
the top coat Is frequently peeled off from the Interface 
between both the coatings under a severer environment 
represented by a recently high- temperature operating 
environment of the gas turbine to lose the thermal barrier 
action . 

[ 0010 ] 

As a countermeasure r there have hitherto been 
proposed a technique wherein the peeling of the top coat Is 
prevented by forming AI 2 O 3 layer obtained through the 
oxidation of A1 coating layer on the MCrAlX alloy coating 
as an undercoat to improve the oxidation resistance (e.g. 
JP-A-62-211387) , a method of preventing the peeling of the 
top coat by adding CaO, SIO 2 to Zr 02 of the top coat to 
generate fine cracks to thereby disperse heat stress (e.g. 
JP-A-4-36454) , a method wherein Zr 02 based ceramic coating 
formed by the spraying method as a top coat is fused by 
laser heating and longitudinal cracks are generated In the 
top coat by utilizing stress In the solidification course 
to mitigate thermal stress to thereby prevent the peeling 
of the top coat (e.g, JP-A^58-16094) , a method wherein the 
formation of Zr 02 based ceramic as a top coat is carried 
out by vapor deposition method using an electron beam heat 
source and mlcrocrystal of ZrO^ based ceramic Is grown Into 
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colTSon 'to mitigate -theznal s'tcess (e.g. JP-A-3-87379) and 
the like. 

[ 0011 ] 

However, -these techniques have at-talned -their 
objects at a use tengperature region (1100-1300°C) o£ the 
gas turbine In -the time o£ £illng -them, but are 
Insufficient -under such a use environment -that the recent 
opera-ting temperature exceeds 1500°C. 

[ 0012 ] 

Also, the coating generating fine cracks In the 
top coat or growing ZxOi based ceramic particles grown Into 
the column Indicates the effect of mltlga-tlng thermal 
s-tress, but comes a problem -that corrosive components In 
-the con^ustlon gas (e.g. oa^gen, steam, SOz, NaCl, V 2 O 5 , 

Na 2 S 04 and -the like) penetrate Into the Inside -through -the 
fine crack portion or -the columnar crystal to corrode -the 
heat-resistant alloy as an undercoat to thereby lower the 
joining force of -the Interface between -the top coat and the 
undercoat . 

[0013] 

[Prior Art 1] JP-A-59-118847 
[Prior Art 2] JP-A-60-141842 
[Prior Art 3] JP-A-64-870503 
[Prior Art 4] JP-A-4-460622 
[Prior Art 5] JP-A-62-211387 
[Prior Art 6] JP-A-4-36454 
[Prior Art 7] JP-A-58-16094 
[Prior Art 8] JP-A-3-87379 

[0014] 

[PROBIiEM TO BE SOLVED BY TEE INVEHTION] 

The Invention Is to solve not only a technical 
problem that as to the -thermal barrier coating (TBC) used 
in the high- temperature combustion gas, the top coat of 
ZXO 2 based ceramic is prematurely broken or locally peeled 
off by the occurrence of thermal stress -to lose -thermal 
barrier f-unctlon but also a problem -that -the undercoat of 
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the heat-resls'tant: alloy i.s selectively corroded by the 
corrosive gases In the TBC particularly used xmder severer 
corrosive environment to lower the bonding force to the top 
coat to thereby peel o££ the top coat. The followings are 
described concretely. 

[0015] 

(1) The TBC Is usually constructed with an 
undercoat of MCrAlZ alloy and a top coat of Zr02 based 
ceramic. In which the top coat mainly acts to prevent the 
temperature rise of the substrate through radiant heat. 
However^ when the top coat Is subjected to a violent 
temperature change, only the top coat Is frequently peeled 
off from the Interface to the undercoat and hence the 
function as TBC is lost. 

[0016] 

(II) The TBC stibjected to the violent temperature 
change has a metallic \indercoat and a ceramic top coat. 

The difference In the thermal properties Inherent to these 
substances (thermal stress) Is concentrates In the 
Interface between both the coatings in an extremely form to 
cause the peeling from the Interface of the coatings . 

[0017] 

(III) The top coat formed by the existing 
technique lowers the thermal stress, which Is generated by 
the mechanism as mentioned In the above Item (11) , and the 
thermal conductivity through radiant, so that It Is optimum 
to be a porous state (for example, Spraying Technology 
Handbook; edited by Japan Thermal Spraying Society, 
published by New Technology Development Center, May 30, 
1998, page 505) - Under an environment that the gas turbine 
Is recently operated at a higher t^nperature , the porous 
top coat generates many lateral cracks (cracks In a 
horizontal direction parallel to the undercoat face) , and 
the generation and growth of the lateral (horizontal) 
cracks become violent in not only the interface to the 
undercoat but also the top coat, so that there Is a problem 
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that th^ function as the top coat considerably lowers . 

[0018] 

(Iv) The porous top coat accor^ng to the existing 
technique shows relatively good TBC properties at an 
operating temperature of the existing gas turbine. However, 
as the temperature region becomes further higher level, the 
shrinkage phenomenon through sintering becomes remarkable 
and the shrinkage stress Is generated and hence many cracks 
occur even In the lateral direction of the top coat and 
grow to cause the peeling of the top coat. 

[0019] 

(v) The technique of mitigating the occurrence of 
thexnnal stress by causing fine longitudinal cracks In the 
top coat, or by forming longitudinal cracks In the top coat 
through laser Irradiation, or by forming the top coat film 
through electron beam deposition to grow ultra-fine 
particles of ZrO^ ceramic Into column or the like for 
solving the problems of the above Items (1) to (Iv) 
develops the effect as a countermeasure for peeling the top 
coat through physical action. However, the structure of 
such a top coat facilitates the penetration of atmosphere 
gas conponent Into the Inside, and hence the corroding rate 
of the tindercoat becomes faster and it strongly tends to 
rather promote chemical damage of the TBC. 

[ 0020 ] 

(vl) The corrosion of the undercoat In the TBC 
through an atmosphere gas component occurs even In any top 
coat coating member Irrespectively of the presence or 
absence of the longitudinal crack In the top coat. 

Therefore, the peeling of the top coat resulted from the 
corrosion of the surface of the undercoat when the TBC Is 
used as not only a member for the gas turbine but also a 
high - temperature member for a petroleTm decon^>osltlon gas 
or a chemical plant or further In an atmosphere containing 
a great amount of a corrosive gas can not be prevented by 
the existing technique. 
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It Is, therefore, an object of the xnventxon to 
provide a coating material for a thermal barrier coating 
developing its function over a long time of period without 
causing the peeling of the top coat produced by physical 
(thermal stress) and chemical (corrosion) actions on not 
only TBC used as a part for a gas turbine under the 
conventional operating environment and a t^ziperature 
environment further raised to 1500®C but also TBC used 
under a very sever condition of corrosive environment. 
[ 0022 ] 

[SOLUTION FOR SOLVING THE PROBLEM] 

It is another object of the invention to provide a 
method for surely forming the coating material for thermal 
barrier coating. 

The invention solves the technical probletas 
inherent to the existing techniques by the following means . 

(1) A coating material for a thermal barrier 
coating having excellent corrosion resistance and heat 
resistance comprising a substrate, an undercoat made of an 
aluminum-containing heat-resistant alloy, Cr^Oa layer of 
0*2-10 pm as a middle layer, and a top coat made of Zr 02 
based ceramic . 

[0023] 

(2) A coating material for a thermal barrier 

coating having excellent corrosion resistance and heat 
resistance coziprising a substrate, an undercoat made of an 
aluminum-containing heat-resistant alloy, AI 2 Q 3 layer 
produced on the surface of the undercoat by preferentially 
oxidizing A1 in the components of the undercoat in the 
presence of Cr 203 layer and layer of 0 . 2-10 |jm formed 

thereon as a middle layer, and a top coat made of Zr 02 
based ceramic . 

[0024] 

(3) It is preferable that Cr 203 layer as a middle 
layer is a chemical densified film obtained by applying an 
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aqueous solu^on of one or more selected from chromic 
anhydride^ ammonium chroma tie and annnonltim bichromate and 
flrlnq Ih. 

[0025] 

Xn tihe Invention, ih Is preferable tha-h 
(i) the thickness of AI 2 O 3 layer is 1-30 [im; 

the undercoat is a heat-resistant alloy having an Al 
content of 3-24 xziass% and represented by the following 
chemical formula : 

MCrAlX 

wherein M: one or more selected from Co^ Ni and Fe^ 

X : one or more selected from Y, Ef^ Ta^ Cs^ Ce, La, 
Th, W, Si, Pt, Mn and B; 

the undercoat is one formed by a spraying process or an 
electron beam deposition process at a thickness of 30-500 
Mm; 

(S) the top coat is a Zr 02 based ceramic coating containing 
5-40 mass% of at least one oxide selected from Y 2 O 3 , CaO, 
CeOa, MgO, SXO 2 , Yb 20 a and SC 2 O 3 and formed by a spraying 
process or an electron beam deposition process at a 
thickness of 50-600 M^» 

[0026] 

(4) The coating material for thermal barrier 
coating according to the invention is produced by using the 
following method. That is, the invention lies in a method 
of producing a coating material for thermal barrier coating 
having excellent corrosion resistance and heat resistance, 
comprising forming an undercoat made of a heat-resistant 
alloy having an Al content of 3-24 mass% on a surface of a 
substrate through spraying process or an electron beam 
deposition process, forming a middle layer of Cr 203 layer 
having a thickness of 0.2-10 m^ on a surface of the 
undercoat by repeating a procedure of applying an aqueous 
mixed solution of one or more of chromic anhydride , 
ammonium chromate and ammonium bichromate and firing under 
heating at 500-900 R for 1-5 hours one time or plural times. 
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and forming a fop coaf of Zr 02 based ceramic on fhe middle 
layer fhrough a spraying process or an electron beam 
deposition process. 

[0027] 

(5) Also, the invention lies in a method of 
producing a coating material for thermal barrier coating 
having excellent corrosion resistance and heat resistance, 
con^rising forming an undercoat made of ' a heat-resistant 
alloy having an Al content of 3-24 mass% on a surface of a 
substrate through spraying process or an electron beam 
deposition process, forming a middle layer of Cr 20 a layer 
having a thickness of 0 . 2-10 pm on a surface of the 
undercoat by repeating a procedure of applying an aqueous 
mired solution of one or more of chromic anhydride, 
ammonium chromate and ammonium bichromate and firing under 
heating at 500-900 K for 1-5 hours one time or plural times, 
heating in an atmosphere or under vacuum or in an inert gas 
atmosphere at 1200-1500 K for 1-20 hours to form an AI 2 O 3 
layer produced through preferential oxidation reaction of 
Al contained in the undercoat on the surface of the 
undercoat just beneath Cr 203 layer as a part of the middle 
layer, and forming a top coat of Zr 02 based ceramic on the 
middle layer . 

[0028] 

[MODE FOR CARRYING OUT THE INVENTION] 

At first, the e:^eriment succeeding the invention 
and the results thereof are described. 

In this e 3 q>eriment is examined a case that Al 
contained in the undercoat is preferentially oxidized by 
the oxidation-reduction reaction with the Cr 02 film formed 
as the middle layer to form AI 2 O 3 layer on a surface layer 
portion of the undercoat. That is, this experiment 
conducts the examination on influences of the Al content in 
MCrAllC alloy sprayed coating used as an undercoat, the 
heating atmosphere and the presence or absence of Cr 203 
layer as a middle layer upon the formation of AI 2 O 3 layer 
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when the undercoat is formed on the substrate by spraying 
MCrAlX alloy having a different Al content and then the 
undercoat is heated at a high tea^>erature . 

[0029] 

A coating of a high teinperature-resistant, 
oxidative alloy having a thickness of 300 pm is formed by 
using a MCrAlX spraying material shown in Table 1 and 
applying onto a surface of a substrate of Hi-based 
superalloy test piece (diameter 13 mm x length 60 mm) 
through a plasma spraying process under a reduced pressure. 
Moreover, the cos^osition of the Ni -based superalloy 
substrate is also shown in Table 1 . 

[0030] 

Table 1 



Kind 


Chemical con^onent (mass%) 


Co 


Ni 


Cr 


Al 


Y 


Ti 


Mo 


w 


Ta 


Spraying 

material 


balance 


32.1 


21.2 


1-30 


0.39 


“ 


“ 


” 




Ki-based 

superalloy 


8-11 


balance 


15.8 


3.45 


“ 


3.60 


1.78 


2-46 


1.92 



[0031] 

Then, the operation in which the test piece is 
immersed in an aqueous solution of 30 mass% CrOs and 
thereafter dried at 750 K for 20 minutes is repeated 5 
times to form Cr 203 layer (middle layer) on the sprayed 
coating of the high temperature-resistant,, oxidative alloy 
(undercoat) . 

[0032] 

The test piece formed with the CrsOs layer is 
further heated in air and in an Ac gas atmosphere at 1400K 
for 9 hours and cut to observe the presence or absence of 
the formation of AI 2 O 3 coating €ind the state thereof by 
means of an optical microscope . Moreover , there is used a 
test piece conducting no immersion into the aqueous 
solution of 30 mass% CrOs (no formation of Cr 203 layer) as a 
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comps.ira.'hi.ve exaniple . The hesh cesuX'ts 3xe shown in. Table 2 . 



[0033] 
Table 2 



No. 


Al content 
in MCrAlX 
alloy 
coating 
(mass%) 


Presence or 
al>sence of 
formation of 
CraOs layer 


Fozmation of AlaOa 
layer by heating 


Remarks 

*2 


in air 


in Ar 

atmosphere 


1 


1 


presence 


X 


X 


B 


2 


absence 


X 


X 


B 


3 


2 


presence 


X 


A 


B 


4 


absence 


X 


X 


B 


5 


3 


presence 


0 


0 


A 


6 


absence 


A 


X 


B 


7 


8 


presence 


0 


0 


A 


8 


absence 


0 


X 


B 


9 


12 


presence 


0 


0 


A 


10 


absence 

. . 1 


0 


X 


B 


11 


20 


presence 


0 


0 


A 


12 


absence 


0 


X 


B 


13 


24 


presence 


0 


0 


A 


14 


absence 


0 


X 


B 


15 


30 


presence 


0 


0 


A 


16 


absence 


0 


X 


B 



*1 5c: not obsezrv^ed the formation of continuous AI2O3 layer 

A: partly observed formation defect of AI2O3 layer 
O : observed the formation of continuous AI2O3 layer 



* 2 . A: acceptable example B: comparative example 
[0034] 

As seen from the experimental results of Table 2, 
the following' is found on the Al content in the undercoat 
formed on 'the alloy substra'te . That is , when the heating 
'treatment (1400 K x 9 hours) is conducted in air, if the Al 
con-tent in the MCrAlX alloy coating of the undercoat is 
less -than 3 mass% (Nos. 1-4) , -the forma-tion of dense AI 2 O 3 
layer is not observed irrespectively of -the presence or 
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absence of the foxnia.ti.on of the 0^203 leyen. On the othec 
hand, i_n the coatxngs having the Al content of not less 

3 mass% (Nos . 5-16) , the AI 2 O 3 layex Is formed even In 
the absence of the Cr 203 layer, but the oxides such as CoO, 
NIO and the like are co-exlstent, and also the formation of 
the AI 2 O 3 layer Is discontinuous and places causing no 
formation is sometimes observed and it Is unstable. 

[0035] 

Further, when the heating treatment Is conducted 
imder a condition that an oxygen partial pressure is very 
sioall as In the Ar gas atmosphere. In the case having no 
Cr 203 layer on the undercoat (Nos. 2, 4, 6 , 8 , 10, 12, 14, 

16) , even If a great amount of Al is contained in the 
undercoat, the formation of AI 2 O 3 layer is not observed. On 
the contrary , in the coating having the CraOs layer (Nos . 5 , 
7, 9, 11, 13, 15, 17) except for the case that the Al 
content in the undercoat Is less (Nos. 1 and 3) , the dense 
AI 2 O 3 layer Is always formed likewise the heating In air. 

From this fact, it Is understood that when heating 
the Al -containing undercoat having the CraOs layer thereon, 
Al consonant in the undercoat causes oxidation-reduction 
reaction with the CraOs layer to selectively oxidize Al 
(preferential oxidation) , whereby a thin coating of AI 2 O 3 
is formed and at least a part of CraOs is vaporized. 

[0036] 

Then, the method of forming the thermal barrier 
coating (TBC) comprised of the undercoat, middle layer 
(AI 2 O 3 , CraOa) and top coat on the substrate is described 
with respect to the steps . 

(A) Formation of undercoat and its high— 
tenperature oxidation properties 

The first stage of TBC formation through spraying 
process is a step of forming an undercoat on a substrate of 
a heat-resistant metal such as heat-resistant steel, Ni- 
based alloy, Co-based alloy or the like. Here, MCrAlX 
alloy is adopted as a typical alloy for the undercoat and 
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the high— ten^eratuare oxidation properties of a sprayed 
coating thereof is described. 

[0037) 

In general^ when the sprayed coating of MCrAlX 
alloy is heated, the loetals constituting the alloy produce 
the respective oxides, which are existent on the surface of 
the coating in a form of film. Among the metals 
constituting the MCrAlX alloy, when M is Co, Ni and IS is Y, 
an oxygen equilibrium dissociation pressure (atm) of the 
oxide at 1273 K is shown in Table 3. 

[0038] 

Table 3 



Oxidation reaction 


Equilibrium dissociation 
pressure (atm) 


C 0 +I/ 2 O 2 CoO 


1 . 6x10"^^ 


2Cr+3/202 Cr 203 


2 . 5x10"^^ 


Ni+l /202 NiO 


1 . 7x10"^° 


2 AI + 3 / 2 O 2 AI 2 O 3 


1 . 3x10"^= 


2 Y+ 3 / 2 O 2 ^2^3 


1.0x10'^^ 



[0039] 

As shown in Table 3, the equilibrium dissociation 
pressure of oxygen required in the oxidation of Y among the 
metals constituting the N^rAlX alloy is smallest, and the 
oxide (Y 2 O 3 ) is formed at an oxygen partial pressure of 
l.lxl0~^^ atm in an equilibrium theory. However, the Y 
content contained in the MCrAIJC alloy is generally as very 
small as not more than 1 mass%, so that even if all Y 
contained in the alloy is produced as an oxide, the whole 
surface of the sprayed coating can not be covered with such 
an oxide. Also, the purpose for adding Y is to in^rove the 
adhesion property of AI 2 O 3 as a protective oxide coating, 
and hence Y 2 O 3 itself does not develop the resistance to 
high -temperature oxidation under a high— temperature 
environment . 

[0040] 
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In the othex couponents constituting the alloy, 
the equilihxium dissociation pressuxe of oxygen xeguixed in 
the oxidation is Al: 1.3x10"“ atm, Cr: 2.5x 10"^^ atm, Co: 
1.6x10"^^ atm and Ni: 1.7x10"^® atm, respectively, so that 
all alloying elements are placed undex a condition capable 
of pxoducing the oxide undex an envixonment having a high 
oxygen partial pressure such as air or the like. For this 
end, a composite oxide comprised of not only AI 2 O 3 but also 
CoO, NiO and CrjOa is produced on the surface of the MCxAlX 
alloy sprayed coating. The composite oxide is large in the 
oxidation rate undex the same temperature condition as 
compared with AlzOa and has a large volume as an oxide . In 
the general TBC, the formation and growth of the above 
composite oxide occurs at the interface between the 
undercoat and the top coat, so that the bonding strength 
between both the coats considerably lowers, which results 
in the peeling of the top coat. 

[0041] 

In the invention, therefore, it is attempted to 
improve the bonding strength of the top coat to the 
tindercoat by forming the middle layer of 0 x 203 layer 
described in the following (B) item as seen from the above 
experiment. This point is a most characteristic 
construction of the invention. 

[0042] 

Moreover, as the method of forming the undercoat 
with the MCrAlX alloy, there may be utilized any one of a 
plasma spraying process under a reduced pressure, a high- 
velocity— oxyfuel flame spraying process, an atmospheric 
plasma process, an explosion spraying process and so on. 
Naturally, a FVD process using an electron beam heat source 
(EB— PVD) may be preferably utilized, so that the formation 
method of MCrAlX alloy coating as a high tenperature- 
resistant oxidative alloy coating is not particularly 
limited . 

[0043] 
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AlsO/ t;he ‘thickness of iihe undercoah Is preferable 
fo be within a range of 30-500 pm« When -the thickness Is 
less than 30 |Xdi^ the pro'tectlon life on the substrate Is 
short under a use environment condition at a high 
temperature , while when It exceeds 500 the considerable 

Improvement of performances as the oondercoat Is not 
observed . 

[0044] 

On the other hand, as the HCrAlX alloy of the 
undercoat used In the Invention may be used any 
conoaerclally available MCrAlX alloys, but it Is required to 
at least contain 3-24 mass% of Al and two or more metal 
components selected from Cr, Nl, Co and Y. The necessity 
and irqportance of Al content are clear from the above 
e^erlment, and also as Is explained at the following s'tep 
<B) , when -hhe Al content Is less than 3 mass%, Al ^03 layer 
is formed on the surface of the tindercoat, but the layer 
thickness Is thin and the denseness Is lacking and the 
sufficient protection property can not be developed. While 
when the Al content exceeds 24 ziiass%, the dense AI 2 O 3 layer 
having an excellent resistance to high-ten^erature 
oxidation can be formed, but the MCrAlX alloy coating 
itself is brittle and produces cracks through slight shock 
or partly falls off and hence it is difficult to put Into 
practical use . 

[0045] 

(B) Formation of middle layer of Cr^Os layer on 
'bhe surface of the undercoat and high- temperature 
properties thereof 

In the Invention, it is considered ‘that dense AI 2 O 3 
layer being rich in *khe adhesion property and excellent in 
•the protection property is positively formed on the surface 
of the MCrAlX alloy coating by the trea-tment as mentioned 
below in view of ‘the high temperature properties of the 
tmdercoat comprised of -the above MCrAlX alloy coa'tlng. The 
method is concretely e^lalned below. 
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[0046] 



(D A1^ first:, a. ctxromlum-con'tainltxg aqueous 
solut:lon such as Chromic acid (CrOa) , annnonluzn chrcmale 
{ (NH4) 2 Cr 04 ) , wmon.±xm blchroniat:e { (NH4) 2 Cr 207 > and the like 
Is applied alone or In a combination of two or more onto 
the surface of the undercoat coisprlsed of the MCrAlX alloy 
coating laminated on the surface of the substrate to form 
Cr 203 layer In a surface layer and : on a surface of the 
MCrAlX alloy coating. Moreover, In the Invention, the 
above aqueous solution may be adhered onto or Impregnated 
Into the surface of the MCrAlX alloy coating by spraying or 
Immersing . 

[0047] 

(§) Then, the MCRAIX alloy coating after the 
treatment of the item (D is heated in an electric furnace 
at 500-800 K for 10-60 minutes to form a crystalline or 
amorphous chromium oxide (Cr^Oa) on the surface of the 
alloy coating (undercoat) through a chemical denslflcatlon 
treatment. This Is based on the utilization of a reaction 
In which the chromium- containing aqueous solutions of 
chromic acid, ammonium chromate and ammonium bichromate are 
decomposed by heating at 500-800 K to finally produce Cr 20 a 
according to the following reaction formulae: 

CrOa — > l/ 2 Cr 203 + 3/40^ 

(NH4)2Cr04 “> l/2Cr20a + 2 NH 3 + H 2 O + 3/402 
(NH4)2Cr207 Cr20a + 2NHa + H 2 O + 3/202 
Moreover, this treatment uses the aqueous 
solution, so that It Is possible to produce Cr 203 In micro- 
recess portions and pores of the MCrAlX alloy coating. 

[0048] 

If necessary, the operations of the above Items 
(D and (2) are repeated several times to Increase the 
thickness of Cr 20 a formed on the surface of the alloy 
coating. Moreover, the thickness of Cr20a Is preferable to 
be 0.2-10 fim. Khen the Cr 203 thickness Is less than 0.2 |4m, 
the effect Is not sufficiently obtained, while when It 
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exceeds 10 .'bbe 'bime retired for -the ‘treateenb Is long^ 

which is disadvanhagecus in econoouical reasons. Moreover, 
meballic Cr is produced in addition ho the CrzOs layer in 
accordance wihh hhe heahing ahaosphere in hhe ‘treatmenhs of 
the items (D~(D/ which is esqplained later. 

[0049] 



When the CrsOs layer is a middle layer and a top 
coat as mentioned later is formed thereon (i.e., when the 
product of the invention is used in turbine parts, since it 
is exposed to a high-teoiperature heating in use, the 
treatment of step ® is not always necessary) , the 
following step ® is useless . In this case , the CrzOs 
thickness is 0.2-10 |jm. The reason thereof will be later. 
[0050] 

(S) The MCrAlX alloy coating after the treatment 
of the item (3) is heated under an environment of 
atmosphere, vacuum, inert gas, combustion gas of a fossil 
fuel, steam or the like at 950-1500 K for 1-30 hours. By 
this heating treatment, Cr 203 produced in the treatment of 
the item (E) and A 1 contained in the components of the 
undercoat are selectively subjected to oxidation-reduction 
reaction on the surface of the McrAl^ alloy coating 
(undercoat) and hence the layer comprised of only AI 2 O 3 is 
formed on the surface of the McrAlX alloy coating just 
beneath the Cr^O^ layer according to the following reaction 
formula and forms the middle layer together with the 
remaining Cr 203 . 



[0051] 



Cr 203 + 2A1 -> JU .203 + 2Cr 



The above reaction utilizes the difference of 
chemical affinity with oxygen between Cr and A1 
(equilibrium dissociation pressure) . Al having a chemical 
affinity with oxygen larger than that of Cr (equilibrium 
dissociation pressure is small) deprives oxygen from CrzOs 
(selective oxidation) to form AI 2 O 3 layer. Also, Co, Ni and 
the like are contained in the MCrAlX alloy in addition to 
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Al/ but these elements are smaller in the chemical affinity 
with oaey^en than that of Cr (e^ilibrium dissociation 
pressure is large) and can not deprive oxygen from CrsOs . 

As a result, the oxide layer comprised of only AI 2 O 3 is 
formed. 

[0052] 

In the invention, the AI 2 O 3 layer is produced by 
the above reaction, but may be formed by a series of the 
treatments of the items (§) and for exaii^le by heating at 
500-1500 K for 1-30 hours. 

[0053] 

In case of forming the coating of Zr 02 based 
ceramic as a top coat as mentioned at the following step, 
the thickness of the AI2O3 layer is preferable to be 1-30 
)na. 'When the thickness of the A 1203 layer is less thaun 1 fm, 
the denseness is lacking and the excellent resistance to 
high- temperature environment can not be developed, while 
when it exceeds 30 pm, the long time is taken for the 
formation of the coating and the operation efficiency 
considerably lowers. 

[0054] 

FIG. 1 schematically shows the course of forming 
the A 1203 layer through the steps of the above items (D~®- 
For example, A1 in a MCrAl3£ alloy coating (\uidercoat) 2 
formed on a substrate 1 of Ni-based superalloy is 
preferentially reacted with 0 x 303 layer 3 formed on the 
undercoat by heating at 950—1500 K for 1-30 hours to 
selectively oxidize A 1 to thereby newly form AI2O3 layer 4 
on the MCrAlX alloy coating 2. Also, Cr coating layer is 
retained on the AI 2 O 3 layer 4 through reduction reaction of 
Al. This Cr coating layer is immediately oxidized by 
heating in air to again render into Cr 203 . Finally, the 
MCrAlX alloy coating 2 (undercoat) , the AI2O3 layer 4 and 
the Cr 20 s layer 3 are formed on the surface of the 
substrate 1 in this order. 

[0055] 
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However^ when the heating at 950-1500 K for 1-30 
hours Is carried out under vacuum or In an Inert gas, the 
Cr coating reduced by Al remains on the AI 2 O 3 layer as it 
is, so that the coating produced under such an environment 
is constructed with the AI 2 O 3 layer and Cr 203 layer or the 
Cr 203 layer containing metallic Cr. Moreover, the metallic 
Cr coating is immediately oxidized Into Cr 203 under an 
environment of actual gas turbine, so that the same coating 
construction as mentioned above is finally attained 
according to the same behavior as mentioned above . 

10056] 

As previously mentioned, the CraOa layer has a 
property of evaporating as CrOs at a higher ten^erature of 
not lower than 1300 K. In the invention, however, the AI 2 O 3 
layer having an excellent protection property is uniformly 
formed just beneath the Cr^Oa layer, so that even if the 
Cr 203 layer is evaporated, the resistance to high- 
tenperature oxidation of the MCrAlX alloy coating can be 
maintained . 

[0057] 

As mentioned above, the method according to the 
invention utilizes the chemical reaction between Al 
contained in the MCrAlX alloy coating and the Cr 203 layer 
formed on the surface thereof, so that the AI 2 O 3 layer 
having an excellent protection property can be produced 
even if the atmosphere in the heating is not only air but 
also under vacuum, an inert gas such as Ar or the like, a 
combustion gas such as fossil fuel for an actual gas 
turbine or steam. That is, the invention has a feature 
that the freedom degree of the heating atmosphere condition 
is very high. 

[0058] 

(C) Formation of top coat 

In the invention, there are the following two 
methods as a step of forming the top coat. 

(D The undercoat of the heat-resistant alloy is 
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formed on -hhe suzface of fhe subs-brafe of tbe heab- 
reslsbanb alloy and bhe Cr 203 layer is formed on bhe 
surface bhereof by bhe chemical mebhod and bhen ZrOs based 
ceramic layer is formed on bhe surface of the CrsOa layer 
as a bop coab. 

[0059] 

(D The undercoab of bhe heab-resisbanb alloy is 
formed on bhe surfac[ce of bhe subsbrabe of bhe heab- 
resisbanb alloy and the CraOa layer is formed on bhe 
surface thereof by bhe chtuaically densifying mebhod and 
heated at a high temperature of nob lower than 1273 K. By 
this operation is formed bhe dense AI 2 O 3 layer on the 
surface of bhe undercoab through the selective oxidation of 
only Al. The bop coab of Zr 02 based ceramic is formed 
thereon. Moreover, a part or whole of the Cr 20 a layer may 
be sublimated under a high- temperature environment of not 
lower than 1200 R, bub the formation of the top coat is 
possible even at this state and also the effect thereof can 
be sufficiently expected. 

[0060] 

The sectional structure of TBC after the formation 
of the top coab is shown in FIGS. 2a and 2b. In this case, 
numeral 1 is a substrate, numeral 2 an imdercoat, numeral 3 
a CraOs layer (middle layer) , numeral 4 an AI 2 O 3 layer, and 
numeral 5 a top coat. That is, in FIG. 2a, bhe bop coat 5 
of Zr 02 based ceramic is directly formed on the Cr 203 layer 
3 formed on a surface of bhe undercoab 2 . When strongly 
corrosive gas-phase cooponenbs such as SOr, HCI< and the 
like are existent in bhe atmosphere used, even if these 
components penetrate into bhe inside through opening pore 
portions of bhe bop coat, the corrosion of the undercoab is 
prevented owing bo the presence of the Cr 203 layer having 
an excellent corrosion resistance, so that bhe TBC of the 
above coating structure develops good TBC performances over 
a period of long time. 

[0061] 
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A maxlnnim use i:^irpera1ruz:e of fhe TBC having this 
structure Is preferable to be less than 1350 K as a surface 
iieii^erature of the undercoat. That Is, CrsOa sublimates 
(vaporize) on the undercoat under an environment of not 
lower than 1350 K to finally take a structure as shown In 
FIG. 2b. However, the dense AI 2 O 3 layer having an excellent 
corrosion resistance Is tinlformly formed on the surface of 
the undercoat In the TBC subjected to such a heat 
hysteresis , so that the surface of the undercoat Is not 
corroded with the corrosive gases and the like and can 
maintain the good corrosion resistance. 

[0062] 

As can be understood from the above. In the TBC 
according to the Invention, the Cr 203 layer formed on the 
undercoat develops an Intportant action. In the formation 
of the top coat, however. It Is necessaary that the 
particles for the top coat burst through the Cr 203 layer 
and arrive at the surface of the undercoat. For this 
purpose. If the thickness of the Cr 203 layer Is too thick. 

It Is difficult to directly bond to the undercoat, so that 
the thickness Is preferable to be a range of 0.2-10 fJm. 
nhen the thickness Is less than 0.2 pm, the action 
mechanism of the Cr 203 layer Is insufficient, while when It 
exceeds 10 pm. It Is difficult to directly contact the 
particles for the top coat with the surface of the 
undercoat . 

[0063] 

In the structure shown In FIG. 2b, the Cr 203 layer 
formed on the surface of the undercoat Is heated at a 
temperature of not lower them 1350 K to selectively oxidize 
A1 conponent In the undercoat to thereby form the dense 
AI 2 O 3 layer on the surface of the undercoat and thereafter 
the ZrOz based ceramic coating Is directly formed thereon 
as a top coat. 

[0064] 

Moreover, Zr 02 based ceramic containing 5-40 mass% 
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of one or more oxides selected from Y 2 O 3 , CaO, CeOg, MgO, 
SiOa# YbaOa and SC 2 O 3 is used as a material for the top coat. 
These materials are plasma— sprayed in air or under a 
reduced pressure to form a top coat having a thickness of 
50-600 fim. Also, the formation of the top coat may be 
carried out by EB-FVD process. 

[0065] 

When the thickness of the top coat is less t-hau 50 
pm, the ftmction of protecting the undercoat from radiant 
heat or conductive heat is low, while when it exceeds 600 
| 4 m, it is not observed to considereibly improve the action 
mechanism as a top coat and also it tends to weaken the 
bonding force between the mutual Zr 02 based ceramic 
particles constituting the top coat, and hence such a 
thickness is inconvenient in view of economic reason and 
the performances of TBC . 

[0066] 

[exampi.es ] 

Exanple 1 

In this example, test pieces Nos. 5-8 of Table 2 
prepared in the aforementioned es^eriment are used to form 
top coats cooprising 8 mass% of 7303 and balance being Zr 02 
(hereinafter abbreviated as 87Z) and having a thickness of 
300 (im through a plasma spraying process in air, and then 
the thermal shock test is conducted under a condition that 
the heating at 1400 K for 15 minutes and the cooling of 
charging into water of 25"C are repeated. The test results 
are shown in Table 4. 
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[0067] 
Table 4 



No. 


State of test pieces before formation 
of top coat 


Test after 
formation of 
top coat 


Remarks 


A1 

content 

in 

MCrAlx 

alloy 

coating 

(mass%) 


Presence 

or 

absence 

of 

formation 
of Cr 203 
layer 


Presence or absence 
of heating 
treatment of 1350 K 
X 9h 


Result of 
thermal 
shock test 


in air 


in Ar 


1400K X 15 
min , ^ in 
water of 
15®C 


1 


3 


presence 


absence 


absence 


o 


A 


2 


presence 


absence 


o 


A 


3 


absence 


presence 


o 


A 


4 


absence 


absence 


absence 


o 


B 


5 


presence 


absence 


o 


B 


6 


absence 


presence 


o 


B 


7 


8 


presence 


absence 


absence 


o 


A 


8 


presence 


absence 


o 


A 


9 


absence 


presence 


o 


A 


XO 


absence 


absence 


absence 


o 


B 


11 


presence 


absence 


o 


B 


12 


absence 


presence 


o 


B 



(Nobe) 

(1) Composlt:lon of MCrAlX alloy as shown ±n Table 1 

(2) Formation of undercoaf of 300 pm In t±t±ckness xs 
conducted by plasixta spraying process under a reduced 
pressure . 

(3) Formation of Cr^Os layer is conducted by repeating 
operation of xmmersing in 30% CrOa and heating at 750 K for 
20 minutes 5 times • 

(4) 8Y2 coating as a top coat has a thickness of 300 pm. 

(5) in column '^Remarks is an acceptable example and 
is a comparative exanple. 

(6) Symbol ''O'' in column "thermal shock test'^ indicates no 
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peeling of fop coaf. 

[0068] 

As seen fz-om flie resulfs of Table 4, nof only Nos. 

1 and 7 of dizecfly f oxming fhe fop coaf on fbe middle 
layer of Cz 203 layer according fo fbe invenfion bnf also 
Nos . Z , 3 , 8 and 9 of f orming fhe fop coaf af fer fbe middle 
layer is formed and heafed af 1350 K for 9 bonrs have fhe 
good resisfance fo fhermal shock and. do nof observe local 
peeling of the fop coaf af all. That is^ if has been 
confirmed that fhese producfs have fhe perforzoances equal 
to those of the coafings Nos. 4-6 and 10-12 according fo 
fhe existing technique. 

[0069] 

Exau^le 2 

The test pieces provided with the top coats in the 
same manner as in Exai^ple 1 are subjected to a high- 
fexK^erafure corrosion test fo evaluate the corrosion 
resisfance of TBC according fo fhe invention. 

[0070] 

Moreover, the corrosion test is carried out under 
conditions that the test piece is left fo stand in a 
cylindrical electric furnace af a femperafure of 773 k for 
100 hours while flowing air confaining 1000 ppm of each of 
SO 2 and HCl thereinto af a rate of 100 ml/l minute. After 
fhe test, the presence or absence of the peeling of fhe fop 
coat is examined by observing the appearance of fhe test 
piece. The results are shown in TeLble 5. 
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[0071] 
Table 5 



No. 


State of test pieces before fomnation of 
tcp coat 


Test after 
£oi3Dation of top 

CX»t 


Sesnarks 


A1 

cxmtent 

in 

alloy 

coating 

(mass%) 


Presenoe 

or 

absence 

of 

fonnati on 
of CrgCh 
layer 


Presence 
of heatiru 
of 135C 


or Absence 
j traabnent 
) K X 9h 


Result of hi^- 
tenperaturs 
corrosicxi test 


TTl J=l-i T" 


in Ar 


773K X lOOh 


S0i2 

(lOOpppm) 


HCL 

aoOOEpB) 


1 


8 


presence 


abssoca 


absence 


O 


O 


A 




pros^ice 


absence 


O 


o 


A 




absence 


presence 


O 


o 


A 


4 


absence 


absence 


absence 


A 


X 


B 


5 


presence 


absence 


A 


X 


B 


6 




presence 


<1 


A 


B 


7 


12 


presence 


absence 


absence 


o 


O 


A 


8 


presence 


absence 


o 


O 


A 


9 


absence 




o 


O 


A 


10 


absence 


absence 


absence 


A 


X 


B 


11 


presence 


absence 


A 


X 


B 


12 


absence 


presence 


A 


A 


B 



(Note) 

(1) coating formation under the same condition as in the 
test piece of Example 1 (table 4) 

(2) Symbol of results of high- temperature corrosion test 

O : no peeling of top coat 
A : local peeling 
X: large peeled area 

(3) in colximn "Remarks'^ is an acceptable example and 
is a comparative example. 

[0072] 

The test pieces Nos. 1-3 and 7-9, in which the top 
coat is formed after the middle layer of CrzOs layer is 
formed on the surface of the NCrAlX alloy, do not utterly 
observe the peeling of the top coat not only in case of 
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directly forming the top coat on the middle layer (Nos . 1 , 

7) but also in case of laminating the top coat after the 
heating at 1350 K for 9 hours (Nos. 2, 3, 6, 9) . This is 
considered due to the fact that the corrosion action of the 
gas components such as SO 2 , HCL and the like is prevented 
by the presence of the middle layer of Cr 203 layer formed 
on the surface of the undercoat of MCrAlX alloy (Nos. 1, 7) 
or by the dense AI 2 O 3 layer formed on the surface of the 
undercoat by the heating treatment . 

[0073] 

On the other hand, the test pieces Nos. 4-6 and 
10 — 12 , in which the top coat is formed without forming the 
middle layer of Cr 203 layer, are corroded under the action 
of SO 2 , HCl gas to lower the bonding force to the top coat 
and hence easily peeled off because the formation of 
composite oxide containing Co , Ni , Cr and Al (Nos . 4 , 5 , 10 , 
11) and the formation of dense AI 2 O 3 layer (Nos. 6 , 12) are 
not conducted even when the heat treatment is carried out 
Tinder the same conditions . 

[0074] 

Exan^le 3 

In this example , TBC test piece is formed by using 
MCrAlX alloy containing 8 mass% of Al as an undercoat, 
forming the middle layer of Cr 203 layer on the undercoat by 
the method of Example 1, and forming the top coat of Zr 02 
based ceramic having longitudinal cracks by the method 
described on JP-A-2000-301655, i.e. plasma spraying process 
and electron bean deposition process, and then subjected to 
a corrosion test under the same conditions as in Example 2 . 
The thickness of the tindercoat is 100 |im, and the thickness 
of the middle layer is 3 [im, and the thickness of 8 mass% 
7203 -Zr 02 based ceramic as the top coat is 250 pm. Moreover, 
the two-layer structure coating having no middle layer is 
subjected to the corrosion test as a conparative example. 
[0075] 

With respect to the test pieces, wherein the 
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fonnat;±on of -bhe fop coaf i.s conducfod by tbo plasma 
spraying process described in JP-A-2000-301655 , the results 
of the corrosion test are shown in Table 6 . With respect 
to the test pieces wherein the fine particles of ZrO^ based 
ceramic are grown in a columnar form by the electron beam 
deposition process a top coat, the results of the corrosion 
test are shown in Table 7 . 

[0076] 

Table 6 



No. 


state of test pieces before foficoatxon of 
top ooat 


Test after 
fonnation of top 
ooat 


Remarks 


A1 

content 

in 

HZiAIX 

alley 

coating 

(2DaSS%) 


Presence 

or 

absence 

of 

foxmatioxi 
of CrjQs 
layer 


Presence or absence 
of heating treal^pent 
of 1350 K X 9h 


Besult of hi.^— 
tenperature 
corrosion test 


in air 


in Ar 


SQz 

(lOOPEijn) 


HOE, 

(lOOOf^zii) 


1 


8 


presence 


absence 


absence 


o 


o 


A 


2 




absence 


o 


o 


A 


3 


absence 


presence 


o 


o 


A 


4 


absence 


absence 




X 


X 


B 


5 


presence 


absence 




X 


B 


6 


absence 


presence 


X 


X 


B 



(Note) 

(1) The top coat is 8 mass% Zr02 having longitudinal cracks 
formed by the method of JP-A-2000-301655 and has a 
thickness of 250 pm. 

(2) Symbol of the results of high-ten^erature corrosion 
test 

O: no peeling of top coat 
X: large peeling of top coat 

(3) "A" in remarks is an acceptable exan^le/ and "B" is a 
con^arative Exan^le. 
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[0077] 
Table 7 



No. 


State of test pieces before formation of 
top coat 


Test after 
formation of top 
coat 


Remarks 


Al 

content 

in 

IcarAlx 

alloy 

coating 

(ma3S%) 


Presence 

or 

absence 

of 

foxaaation 
of CrjCb 
layer 


Presence or absence 
of heating trea'boent 
of 1350 K X 9h 


Pesult of high- 
tgfnperature 
corrosion test 


in air 


in Ar 


SQz 

(lOOOppm) 


HCL 

(lOOQppm) 


1 


8 

1 


presencae 


absence 


absence 


0 


0 


A 


2 


presence 


absence 


0 


0 


A 


3 


absence 


presence 


0 


0 


A 


4 


absence 


^senoe 


absence 


X 


X 


B 


5 


presence 


absence 


X 


X 


■ B 


€ 


absence 


pres^xce 


X 


X 


B 



(Note) 

(1) Tbe top coat is a coltunnar* crystal structure formed by 
tbe electron beam deposition process (8 zaass% Y 203 -Zr 02 > and 
has a thiclcness of 250 fini. 

(2) Symbol of the results of high- temperature corrosion 
test 

O : no peeling of top coat 
X: large peeling of top coat 

(3) '''A'' in remarks is an acceptable example, and "B" is a 
comparative Kxar^le. 

[0078] 

As seen from these results, when the top coat is 
provided with the longitudinal cracks or has the columnar 
crystal structure, the corrosive gas such as SO 2 / HCl 
easily penetrates into the inside of the top coat and 
corrodes the sixrface of the undercoat and hence the bonding 
force to the top coat becomes Weak and the top coat is 
easily peeled off (Nos. 4-6 in Table 6 and Nos. 4-6 in 
Table 7) . 

[0079] 
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On tlie contrary^ when tiie middle layer o£ Cr^Oa 
layer is formed on the undercoat as in the invention, the 
test pieces do not utterly ohsexrve abnonoal state and 
maintain a sound state even i£ the longitudinal cracks or 
columnar crystals are existent in the top coat. From these 
results, it has been confirmed that the Cr^Oa layer formed 
on the surface of the undercoat develops the good corrosion 
resistance even the form of the top coat is longitudinal 
cracks or the columnar crystal . 

[ 0080 ] 

[EFFECT OF THE INVEcraiON] 

As mentioned above, the thermal barrier coating 
developing excellent corrosion resistance and heat 
resistance under a high- temperature environment containing 
corrosive gases can be formed by forming an Al -containing 
heat-resistant alloy coating on the surface of a high- 
teo^erature exposing member used in a gas turbine^ a jet 
engine or the like or a high- temperature member for a 
combustion furnace or various heat treating furnaces , 
forming a middle layer of Cr^Os layer on the surface 
thereof by a chemical treatment, and directly forming a top 
coat of Zr02 based ceramic thereon. 

[ 0081 ] 

Also^ the thermal barrier coating being durable to 
corrosive gas and having a high bonding force ho top coat 
can be formed by subjecting the chemically formed Cr203 
layer to a heat treatment at a high-teii^erature environment 
of not lower than 1273 K to form the AI2O3 layer on the 
surface of the Al-containing heat-resistant alloy coating 
and then directly forming the top coat of ZrO^ based 
ceramic thereon . 

[ 0082 ] 

According to the invention, it is possible to form 
the thermal barrier coating having the corrosion resistance 
and heat resistance and hence it is possible to io^rove the 
high-temperature resistance of various high- temperature 
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e^osing members and prolong tlie service life thereof. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG. 1 is a schematic view Illustrating a step of 
preferentially forming an AlaOa layer on a surface of an 
Al-contalnlng alloy coating by the method of the Invention; 
and 

FIG. 2 is a diagrammatical ly section view 
illustrating the formation of a top coat made of Zr02 
ceramic on a surface of an Al— containing alloy coating as a 
thermal barrier coating by the method of the Invention. 
[EXPliANATION OF THE REFERENCE NUMERALS] 

1 substrate 

2 Al-containing alloy coating (undercoat) 

3 Cr203 layer (middle layer) 

4 AI2O3 layer 

5 Zr02 based ceramic (top coat) 
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[DOCUMENT] ABSTRACT 
[ABSTRACT] 

[PROBLEM TO BE SOLVED] The invention is to solve not only a 
technicaJL piroblem. that as to the thermal harxxex coating' 
(TBC) used in the high- temperature combustion gas , the top 
coat of ZrOa based ceramic is prematurely broken or locally 
peeled off by the occurrence of thermal stress to lose 
thermal barrier function but also a problem that the 
undercoat of the heat-resistant alloy is selectively 
corroded by the corrosive gases in the TBC particularly 
used under severer corrosive environment to lower the 
bonding force to the top coat to thereby peel off the top 
coat . 

[SOLUTION] 

A coating material for a thermal barrier coating 
having excellent corrosion resistance and heat resistance 
cou^rises a substrate, an undercoat made of an aluminum^ 
containing heat-resistant alloy, CrgOa layer as a middle 
layer on the undercoat, and a top coat made of ZrOs based 
ceramic on the middle coat. 

[REPRESENTATIVE DRAWING] Fig. 2 
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